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Introduction
The Ilizarov technique is highly successful in bone failures of any etiology.
1 This technique allows the concurrent treatment of pseudarthrosis, major bone defects, shortening, deformities and infection, 1-3 without some of the limitations imposed by other methods, such as those developed by Papineau 4,5 and Masquelet.
6
The production of a high-quality regenerated bone is critical, and a subperiosteal corticotomy to protect osteogenetic elements and targeted to neovasculogenesis and consequent bone neoformation has a well-established role in the literature. 1, 7, 8 Distraction osteogenesis significantly increases blood circulation in the limb, [8] [9] [10] providing a suitable environment for the resolution of infectious conditions, wound closure, and bone healing. Bone resection in infected pseudarthrosis must be as aggressive as possible, with oncologic-like excision of the entire affected bone segment so that treatment can be successful and with no complications or relapses.
1,3,9,10
The remaining segment must present active bleeding, which is an important sign of viability. 8 Bone transport and lengthening processes have an expected complication rate, including infection of the bone regenerate, lack of consolidation at the docking point, absence of bone formation in the regenerated segment, early corticotomy consolidation, fractures, and vascular lesions. 9 Other complications are more directly related to the early trauma, such as secondary arthritis of adjacent joints.
11
The present paper aims to report and evaluate epidemiological aspects, treatment, and complications of tibial fractures requiring bone regenerates produced using the Ilizarov technique.
Materials and Methods
This is a retrospective study approved by our institutional ethics committee under the Certificate of Ethical Presentation and Appreciation (CAAE, in the Portuguese acronym) number 78498817.1.0000.5119 and opinion number 2.322.439. This study included 40 patients who underwent a specialized medical consultation between December 17, 2016 and June 17, 2017; all patients received a steel Ilizarov apparatus for circular external fixation. The study population consisted only of individuals submitted to tibial lengthening or transport, totaling 40 patients. The previous removal of the external fixator was one of the inclusion criteria. Our entire population was composed by trauma victims.
The technique used was segment stabilization associated with bone lengthening or bifocal or trifocal transport, as required by each case. Trifocal transport has the advantage of providing bone neoformation from two foci, reducing the total treatment time.
12 Corticotomy was performed with a Gigli saw or predrilling complemented by chiseling. The rate of regenerate production was 0.5 to 1 mm/day, depending on the quality of the synthetized bone. Docking of the main fragments was performed in a surgical block after edges revitalization and active bleeding visualization. 3 Next, after the lengthening process was completed, the patients underwent apparatus dynamization with loosening of one or two from four threaded bars. The fixator removal was based on radiographic images showing bone consolidation in at least three views. After this stage, the patients received a polypropylene brace, which was used until the end of the bone remodeling phase. Three patients were excluded due to lack of medical records. On the other hand, one patient was included in the study due to the relevance of her case, even though her fixator was removed after the data collection period for the present study. 
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Results
The predominant trauma mechanism was motorcycle accident, as seen in 26 (65%) patients. In the case of 9 (22.5%) patients, the collision involved a car, while 3 other patients (7.5%) collided with a bus or another motorcycle; 2 patients (5%) were involved in a single motorcycle crash. There was 1 (2.5%) case of collision with a truck and 8 (20%) unspecified motorcycle accidents. Six patients (15%) were run over, including 3 (7.5%) by a truck and one who fell off a bicycle. Another patient (2.5%) was run over by a car and 2 (5%) run overs were unspecified. Another 4 (10%) individuals suffered falls from own height, and 4 (10%) were victims of unspecified motor vehicle accidents.
Males were the most affected group, with 34 (85%) individuals. The average age at the time of trauma was 33.02 years, with a median value of 32.5 years (ranging from 12 to 51 years). The average age of the 6 (15%) females was 27.5 years, with a median value of 24.5 (ranging from 9-52 years). The most affected side was the right side (21 cases or 52.5%).
Primary lesions included tibial shaft fractures in 34 (85%) cases, 2 (5%) tibial plateau fractures, and 4 (10%) tibial pilon fractures. In the shaft subgroup, 10 (25%) cases were urgently classified as AO42C3, and 2 (5%) as AO42C2. There was 1 (2.5%) case of each of the following classifications: AO42B3, AO42B2, AO42B1, and AO42A2. Only two fractures were known to be closed. Open fractures were classified by the Gustilo system; 1 (2.5%) was type G2, 9 (22.5%) were G3A, 5 (12.5%) were G3B, and 2 (5%) were G3C. Two patients (5%) presented local neurological deficit. Twenty (50%) individuals underwent debridement, flap rotation, or skin grafting by the plastic surgery team before external fixation assembly.
Regarding associated injuries, there were 11 (27.5%) cases of floating knees, including 7 (17.5%) due to femoral shaft fractures, 1 due to medial condyle involvement, 1 due to distal femur fracture (AO33C3), 1 distal femur epiphysiolysis (Salter Harris II) and one unspecified fracture in the distal femur of a child. There were three cases of knee dislocation and one isolated anterior cruciate ligament (ACL) injury. There was 1 (2.5%) case of each of the following: toe, cuboid, medial malleolus and calcaneal fractures, and 5 th toe traumatic amputation. There were 2 (5%) cases of bilateral tibial fracture, 1 of them in a floating knee. Two patients (5%) presented lumbar spine fracture, 1 (2.5%) had an occipitalcervical dislocation with occipital condyle fracture, and another suffered an unspecified spinal fracture. Associated pelvic lesions were observed in 1 (2.5%) subject, who presented a pubic branch fracture. On the other hand, upper limb injuries were more prevalent, with 3 (7.5%) cases of phalanx fracture and 1 (2.5%) case of each of the following: humeral shaft, distal radius, 2 nd metacarpal and 5 th metacarpal fractures, mallet finger, scaphoid fracture, and brachial plexus injury. The patients were allocated in 2 subgroups; the 1 st subgroup consisted of patients who underwent lengthening, with 18 limbs, while the 2 nd subgroup was comprised by the remaining 22 limbs submitted to bone transport.
Lengthening
Lengthening was performed due to infected pseudarthrosis in 11 (61.1%) individuals, and posttraumatic acute bone failure in 3 (16.6%) patients. In 4 other subjects (22.2%), lengthening was performed for shortening correction and generated during deformity correction after talus resection and tibial bone debridement and resection. In one case, the cause for shortening was not reported in the medical record. Fifteen (83.3%) patients underwent corticotomy in the tibial proximal metaphyseal region, and bone regenerate production was proximal to the docking point. Its average size was 5.46 cm, with a median value of 5.5 cm (ranging from 1.8-9 cm). Two (11.1%) subjects underwent corticotomy in the tibial distal metaphysis, distal to the docking point. In these cases, the bone regenerate measured 3.5 and 7.5 cm. There was one case of trifocal tandem transport, with both corticotomies proximal to the docking point. The bone regenerates produced measured 3.5 cm and 4.5 cm from proximal to distal. Twelve (66.6%) patients were submitted to a fibulectomy.
During bone distraction, the bone regenerate from two patients had to be accorded due to poor tissue quality. In one patient, lengthening was paused for a while and then resumed, and, in another subject, since lengthening occurred at a much higher rate than recommended, a 15-mm reverse gear was required.
One bone regenerate was curved, whereas another one was flexed; the latter was submitted to surgical correction. There was also the case of a patient who manipulated the fixation apparatus on his own, impairing limb alignment as a whole and requiring a new surgery.
Eleven (61.1%) subjects had infection at the wire or pin paths at some point, and two (11.1%) patients presented bone sequestration. The bone spicula was surgically removed from the subcutaneous tissue, and a new surgery was required due to bone exposure. In one patient, foot component wires were replaced due to pain, and, in another patient, the wire was removed due to the formation of an abscess in its path. One thigh abscess and one ankle septic arthritis were submitted to drainage.
Four (22.2%) subjects suffered fractures, but only one case required a new circular fixator due to ankle arthrodesis refraction. Another patient had a fracture at a pseudarthrosis focus and was submitted to the conservative treatment with brace use and load restriction. Another subject presented an open fracture and underwent an urgent debridement and monoplane fixation, which eventually became the definitive treatment. Finally, there was a case of bone regenerate focus refraction, which was conservatively treated.
After fixator removal, one patient presented severe gonarthrosis, one had symptomatic ankle osteoarthritis, two had knee stiffness, one presented claw fingers, one had a residual shortening of 5 cm and another presented a residual 15°flexion.
In total, 65 surgical procedures were performed in 18 patients, ranging from 2 to 7, with mean and median values of 3.61 and 3 surgeries, respectively. The patients were hospitalized for 637 days, ranging from 10 to 79 days, for an average period 35.38 days and a median time of 31 days. Total time of external fixator use was 280 complete months, ranging from 7 to 37 months, with a mean time of 15.55 months and a median period of 12 months.
Transport
From the 22 patients undergoing bone transport, 12 (54.5%) cases were due to bone failure after resection of the infected pseudarthrosis focus, 9 (40.9%) cases were caused for posttraumatic acute bone failure (►Figure 1) and 1 (4.5%) case occurred for an unreported reason.
Eleven (50%) patients underwent a corticotomy in the tibial proximal metaphysis region (►Figure 2). The bone regenerate produced had an average size of 8.53 cm, ranging from 4 and 17 cm (►Figure 3), with a median size of 8 cm. There was 1 (4.5%) case of corticotomy distal to the docking point, which resulted in a 14-cm regenerate bone. In 4 (18.1%) cases, there were 2 corticotomies, 1 proximal and 1 distal to the focus of compression (►Table 1). The average sizes of the proximal and distal regenerate bones were 5 cm and 5.6 cm, respectively. Four (18.1%) patients underwent trifocal tandem transport, in which both regenerate bones were proximal to the docking point and had, on average, 3.8 cm and 3.67 cm from proximal to distal. Finally, there were 2 (9%) cases submitted to sequential trifocal transport, but with the compression focus proximal to the lengthening foci, measuring 2.5 and 3.8 cm (proximal regenerate bone) and 12 and 3 cm (distal regenerate bone), respectively. Fifteen (68.1%) cases underwent fibulectomy.
There were two cases of infection in the regeneration focus. In one of them, we tried to surgically terminate the infection, and a cement spacer was maintained in a failed attempt to perform the Masquelet technique. In the other one, antibiotic therapy was sustained for a long period and debridement was performed; the final discrepancy of 3 cm was accepted, and lengthening was terminated.
During the bone neoformation phase, 4 (18.1%) cases presented early corticotomy consolidation, and the procedure was redone. There was a case of transport pause due to poor regenerate production, and 2 cases of reverse gear, including an unspecified one and the other with 5 mm.
Eighteen (81%) cases presented infection in the wire or pin paths at some point during the treatment, and 4 (18.1%) cases of bone sequestration were reported. In 2 cases, the patients were taken to the operating room for removal of the exposed bone spicula, 3 (13.6%) for debridement, and 2 (9%) for skin grafting due to lack of cutaneous coverage at the docking point. There was also one case of foot component assembly due to a proprioceptive deficit recurrence. An ankle deformity in the varus was also observed during treatment and corrected at the outpatient facility.
Five patients (22.7%) presented refraction. Three (13.6%) of these cases occurred at the tibial docking points, including 2 during physical therapy. The other 2 (9%) cases occurred at the femur, 1 in the bone regenerate and the other on the focus of deformity correction. Unlike the group submitted to lengthening, all these cases required a new circular external fixator. There was also a case of distal fibular fracture with no history of trauma, which was treated conservatively.
After fixator removal, one patient presented severe symptomatic gonarthrosis and another one had symptomatic ankle osteoarthritis. There were one tibiotarsal arthrodesis and one knee arthrodesis during treatment. Two patients presented final discrepancies, measuring 3 cm and 3.7 cm. There was another case of unspecified discrepancy, but with future indication for lengthening. There was also a case of deformity in the recurvatum and varus, and another unspecified one.
In total, 124 surgical procedures were performed in 22 patients, ranging from 3 to 12, with a mean value of 5.63 surgeries and a median value of 5 surgeries. The patients were hospitalized for 1,511 days, ranging from 5 to 183 days, with an average period of 68.68 days and median period of 61.5 days. The total time of external fixator use was 550 complete months, ranging from 8 to 55 months, with a mean time of 25 months and a median time of 25.5 months.
It is worth mentioning that in only one case there is no record of pseudarthrosis or docking focus review; this is the case of transport for uninformed reason.
Discussion
Emergency care is crucial for therapeutic success. Removing all macroscopic debris and instituting an aggressive antibiotic therapy for the appropriate period reduce the infection and pseudarthrosis rates. 13 In addition, the referral hospitals network seems incapable of dealing with all cases requiring fixation; this inability increases the time between trauma and osteosynthesis, which causes distress and suffering to the patient and impairs treatment. The present study showed that the Ilizarov apparatus assembly for monofocal lengthening is effective in the treatment of infections and bone defects of limited size; a similar finding is reported by Iacobellis et al. 9 The shorter use of the external fixator, as well as the lower number of surgeries per patient and lower complication rate made us choose this modality whenever allowed by limb conditions. Bone transport, although efficient, is difficult to perform because, in addition to the greater number of complications shown, it depends even more on the intellectual capacity and cooperation of the patient.
3
A trained, multiprofessional network able to assist case managements is critical to reduce or limit the occurrence of complications inherent to the technique. Two refraction cases occurred during physical therapy, constituting a completely preventable complication.
Large regenerates were produced in both the proximal and distal tibia, with only one case of tibial regenerate refraction, which was 2.5 cm in size. As such, we believe that, more important than the size of the regenerate itself, fractures result from not following the guidelines after apparatus removal and not using the brace.
On the other hand, most of the fractures occurred at the docking/pseudarthrosis point. As such, we have to think about the benefits of delaying the apparatus removal a little further.
Conclusion
Our data clearly shows that most accidents involve motorcycles and male patients from the economically population, generating great personal, social, and social security damages. These data help us guide public policies for accidents prevention.
Malnourished patients, smokers, those with no family support or with low intellectual level are a risk factor for treatment failure due to the need for multiple surgeries, prolonged use of medication and apparatus corrections. Amputation might be chosen as a treatment in non-collaborative patients or in those who prefer it as a way to shorten the long treatment and start rehabilitation earlier.
Finally, the quality of the medical records is poor, which hindered the information analysis and probably affected negatively the treatment of patients.
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